Abstract. This paper examines the empirical relationship between alcohol advertising placements in magazines and adolescent readership. Poisson and negative binomial regressions are applied to count data on cumulative placements by beverage for 35 major magazines during the years 1997-2001. The results indicate that demographics other than youth readership determine the placement of alcohol advertisements in magazines. Beer and distilled spirits advertisers tend to favor magazines read by young adults, blacks, and males, but not adolescents. Wine advertisers tend to favor magazines read by older adults and higher-income adults, but not adolescents. Comparing alternative specifications and econometric models, the results fail to support direct or indirect targeting of adolescent readers. The empirical results are applied to regulatory issues as guided by Supreme Court decisions on commercial speech and by the Federal Trade Commission.
INTRODUCTION
The regulation of alcohol advertising is major part of the debate over the role of beverage alcohol in society. Deceptive and misleading alcohol advertising is regulated by the U.S. Federal Trade Commission (FTC) and the Alcohol and Tobacco Tax and Trade Bureau (TTB) in the U.S. Department of Treasury. Self-regulation also occurs in the form of industry advertising codes, such as the Beer Institute's Advertising and Marketing Code. In 2001, the U.S. alcohol industry spent more than $1.5 billion on advertising using conventional broadcast and print media, including expenditures of $397 million on magazine advertisements. 1 The magnitude of expenditures and the possibility that some ads might "target" youth has generated concern about the adverse effects of alcohol advertising. A recent report by the National Research Council (NRC 2004, p. 137 ) includes a recommendation, among others, that alcohol industry trade associations should strengthen their advertising codes in order to preclude placement of commercial messages in media and other venues where a significant proportion of the expected audience is underage. However, demonstrating that advertising has an effect on alcohol consumption, rather than brand equity, has proven to be elusive (Calfee 1997; Nelson 2001 Nelson , 2005 . A report to Congress by the National Institute on Alcohol Abuse and Alcoholism (NIAAA 2000, p. 422) concluded that "the results of research on the effects of alcohol advertising are mixed and not conclusive." The report of the NRC (2004, p. 134; Grube 2004) , which was conducted at the behest of Congress, reached much the same conclusion.
Most previous econometric research is based on analysis of alcohol consumption and either advertising expenditures or advertising bans (Nelson 2001 (Nelson , 2004 Saffer 1993) . These studies have several problems that might limit the application of empirical results to policy issues. First, expenditure data are largely aggregate and cover the entire industry or major product categories, such as beer, wine, and distilled spirits. In short time-series these data contain relatively little variation, but the larger problem is likely to be that consumption levels also do not vary much in the aggregate. Quarterly data contain more variation and have been used in a few studies. Second, cross-country studies of broadcast advertising bans also are carried out at aggregate levels and require comparisons of countries with different drinking cultures and traditions (Nelson and Young 2001; Saffer 1991) . Several different approaches are used to control for cross-country drinking cultures, with conflicting results and outcomes.
Third, state-level studies of advertising bans, such as Nelson (2003) , use panel data and are based on lower level of aggregation, but the media banned are more limited (e.g., billboards, store displays).
2 By several measures, the magnitude of youth drinking has declined substantially in the last twenty years, despite high levels of alcohol advertising. According to the Monitoring the Future Survey, drinking in the last 30 days by high school seniors was 29% lower in 2001 compared to 1982; http://www.monitoringthefuture.org. Alcohol-involved auto crashes by drivers aged 16 to 20 fell by 19% between 1982 19% between and 2001 19% between (NHTSA 2003 While none of the studies of bans are directly concerned with youth drinking behaviors, the presumed importance of advertising should be detectable if the bans are long-standing. Examination of adverse behaviors (e.g., traffic fatalities) adds to the policy importance of these studies. However, it desirable to consider an alternative approach to the problem of advertising and youth drinking that avoids some of the difficulties associated with aggregate data.
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Rather than attempting to measure consumption-advertising relationships, an alternative methodology is to examine the relationship between frequency of alcohol advertising in various media and the potential audiences reached by such placements, including adolescents. This approach has the advantage that it can empirically separate advertising placement by demographic group, and it avoids problems associated with measuring expenditures or the difficulty of making subjective judgements about advertising content. The purpose of this paper is to measure the empirical relationship between cumulative alcohol advertising placements in major magazines and youth readership. Using count data on total advertising placements over the five-year period 1997-2001, Poisson regression models are estimated that control for the distribution of readers by age, gender, race, and income. In order to reduce collinearity in the readership numbers, several additional explanatory variables are considered, including the annual number of issues, median age of adult readers, and median reader income. I also demonstrate the effects of using different econometric techniques to account for the skewed distribution of ad counts.
For example, data on beer advertising in 35 major magazines indicates there were eight magazines containing no beer advertising whatsoever during the years 1997-2001; ten magazines averaging one or fewer ads per year; and only seven magazines averaging more than ten ads per year or about one beer advertisement per issue for a monthly magazine. As demonstrated below, there are only a few major magazines that contain a large number of alcohol advertisements and these magazines tend to have large readerships among youth, young adults, and older adults. Thus, it is necessary to consider econometric methods that account for zero counts and small positive values of advertising placements. The paper considers several alternative methods for handling these data problems.
The remainder of the paper is divided into four sections. Section 1 comments on the policy debate by discussing First Amendment rights of commercial advertisers and provides a brief review of previous research on alcohol advertisements in magazines. Section 2 describes the data and econometric models used in the present study, including statistical distributions for advertisements by beverage.
Section 3 presents the empirical results and demonstrates the relationship (or lack thereof) between cumulative advertising placements and readership demographics. The primary relationship of interest is the effect of increased numbers of adolescent readers as an explanatory variable and the resulting proportional change in the cumulative number of alcohol ads. A definitive relationship between the two variables is evidence of targeting of youth (directly or indirectly), and would therefore provide support for the policy recommendation of the National Research Council. The lack of a relationship suggests that alcohol producers exercise appropriate restraint through their self-regulatory codes. Section 4 contains the conclusions from the study.
FIRST AMENDMENT AND ALCOHOL ADVERTISING STUDIES
A long series of Supreme Court decisions, culminating in Central Hudson (447 U.S. 557) in 1980 and 44 Liquormart (517 U.S. 484) in 1996, demonstrate that commercial speech enjoys attenuated First Amendment rights, and these rights are not trumped by the restrictions on alcohol distribution contained in the Twenty-First Amendment. In Central Hudson, the Court laid out a four-prong approach to regulation of commercial speech. First, the message content cannot be misleading and must be concerned with a lawful activity or product. Second, the government's interest in regulating the speech in question must be substantial. Third, the regulation must directly and materially advance that interest.
Fourth, the regulation must be no more extensive than necessary to achieve its goal; that is, there must be a "reasonable fit" between means and ends, with the means narrowly tailored to achieve the objective.
Applying the third-and fourth-prongs, the Court in 44 Liquormart struck down a Rhode Island law that banned retail price advertising of beverage alcohol. In doing so, the Court held that a state's power to ban alcohol entirely under the Twenty-First Amendment did not include the "lesser power" to App. Lexis 15615), the appeals court for the third circuit struck down Act 199, a Pennsylvania law passed in 1996 that banned advertisers from paying for the dissemination of alcohol advertising by any communications media affiliated with a university, college, or other educational institution (i.e., student newspapers). The state argued that newspapers could run free advertisements, but failed to provide evidence that the law would be effective in limiting underage drinking. Applying the third-and fourthprongs of the Central Hudson test, the court ruled that Act 199 was an impermissible restriction of commercial speech.
In summary, Central Hudson requires a "balancing-of-interests" test to examine regulation of commercial speech, including alcohol advertisements. The test weighs the government's obligations toward freedom of expression with its interest in limiting the content of some advertisements. In statistical language, the test reduces the risk of a Type I error (false positive) and the resulting restriction of commercial speech. Reasonable constraints on time, place, and manner are tolerated, and false or deceptive advertising remains illegal. However, in order for a regulation of alcohol advertising to be sustained, it must be demonstrated that the advertising deliberately or unnecessarily targets youth or the advertisements result in alcohol abuse by youth. Thus, Central Hudson delineates the empirical studies and results that are likely to be relevant to policymakers and regulators.
Alcohol Advertising in Magazines. Early research on alcohol advertising in magazines was
based on the method of content analysis, which attempts to demonstrate targeting of youth by examining the content dimensions of alcohol ads. Alcohol content analysis studies were conducted by Atkin and Block (1981) , Breed and DeFoe (1979), and Strictland, Finn, and Lambert (1982) . According to Strictland (1984) and the FTC (1985) , content-analysis studies tend to employ overly broad categories to codify various "lifestyle themes" in advertising and impute motivations to advertisers based on largely subjective judgements about the themes used in the ads. The evidence provided by content analyses tends to be informal and anecdotal in nature, and it stops short of the evidence that would likely satisfy the Central Hudson test. Placement Studies. Given the shortcomings of content analyses, more recent studies attempt to measure exposure to alcohol advertisements by adolescents and youth, including two studies published by the Journal of the American Medical Association (JAMA). Sanchez et al. (2000) examined advertising placements in a sample of 15 magazines for the period July 1997 to July 1998. However, the authors used the holdings of a local high school library and did not attempt to obtain missing issues for some of the magazines. Instead, they simply estimated the total number of ads based on the issues available at the high school or expanded the sample to include 1998-1999 ads for a few popular magazines. The possible effects of this inconsistent sampling process were not discussed. Adolescent readership was measured by the absolute number of readers in the age group 12-17 years, which ranged from 0.7 million for Harper's Bazaar to 5.2 million for Sports Illustrated. In their reported results, the authors simply provide a tabular ranking of the magazines according to the estimated yearly number of alcohol and tobacco ads, which fails to account for other differences in readership demographics, such as the number of adult readers.
Using these counts, the top-ranked magazines were Sports Illustrated and Rolling Stone with 5.2 and 1.9 million youth readers, respectively. Based on this limited and incomplete evidence, the authors concluded that "alcohol advertisers may target youths" (Sanchez et al. 2000 (Sanchez et al. , p. 2107 .
A second JAMA study of magazine placements and youth readership (ages 12-19) was conducted by Garfield, Chung, and Rathouz (2003) . This study examined the frequency of alcohol advertising in 35 major magazines during the five-year period 1997-2001, conditional on three readership cohorts. Garfield et al. (2003 Garfield et al. ( , p. 2428 report that annual alcohol advertising placements increased proportionately more than adolescent readership, which suggests targeting of youth. Their Poisson regression model controlled for the number of readers in two other age groups (young adults, older adults) and three additional demographic variables (number of readers by gender, race, and income level). There are several econometric problems with this study. First, none of the explanatory variables vary over time, whereas the three dependent variables -annual number of alcohol advertisements by beverage -do vary with time. Consequently, variables for readership cohorts and demographics can only explain cross-sectional variation in these data, and a set of year dummies explains all of the temporal variation. Second, the study suffers from collinerarity problems due to use of number of readers for several cohorts, which simply reflect the total readership of a magazine. Major magazines, such as Sports Illustrated, have large numbers of youth, young adult, and adult readers. Third, the authors report that they used the Poisson "regression model for the log advertisement rate" (Garfield et al. 2003 (Garfield et al. , p. 2426 . It is unclear if they are referring to the Poisson model as a nonlinear regression or they have ignored the discrete nature of the dependent variables and zero counts. It is also unclear if they have handled correctly the duration dependence in the count data by simple inclusion of time dummies. Fourth, using simple graphs, Garfield et al. report that the residuals indicate overdispersion in the Poisson model. This result may mean that there is unobserved heterogeneity of magazines and readers that is not accounted for by the authors' covariates. In this case, it may be desirable to estimate regression models that relax the equidispersion restriction of the Poisson model, but the authors fail to consider alternative models. The results in Garfield et al. (2003) are tentative at best.
Lastly, advertising placement studies were conducted by the advocacy organization, Center on Alcohol Marketing and Youth (CAMY 2002a (CAMY , 2002b ). CAMY's studies cover magazines and other media, but the studies do not contain any statistical analysis whatsoever. Nevertheless, these studies are important for the role that they played in the NRC report (Jernigan and O'Hara 2004) ; several class action lawsuits filed against alcohol producers; deceptive advertising petitions to the FTC and TTB; and a recent FTC (2003) report on regulation of alcohol advertising. Using data on advertising exposure for "reach" and "frequency," CAMY measured gross rating points (GRP) for each of three age groups for 98 magazines in 2001, including 24 magazines that CAMY classified as "youth oriented." However, GRP is an index of relative exposure of a given group and it ignores the total number of exposures. reported below suggest that multicollinearity is reduced by using the median age and income variables.
In lieu of information on the page size of ads, the number of issues is included as a proxy variable. The cost of an advertisement per exposure should be roughly constant in a cross-section of magazines, and Garfield et al. (2003 Garfield et al. ( , p. 2427 report that their cost measure was not significant. The null hypothesis is that increased youth readership results in an increase in the number of alcohol placements. Expected signs and magnitudes for the other explanatory variables are largely uncertain. In principle, the objective of the study is to "unbundle" the advertising decisions of alcohol producers by examining those influences that systematically increase (or decrease) the frequency of placements.
Placement Distributions. Figure 1 shows the skewed distributions of the magazine placement data by beverage for the advertisement counts. Variances are greater than the unconditional means by a ratios of 59 to 435, which suggests overdispersion. The empirical question is whether this overdispersion disappears on inclusion of the regressors. Most magazines contained only a few alcohol ads during the five-year period, but a few magazines had a large number of placements (Sports Illustrated for beer; Sports Illustrated, Rolling Stone, and Entertainment Weekly for spirits; and In-Style for wine).
EMPIRICAL RESULTS
Multicollinearity in Readership Numbers. As discussed above, the focus of the empirical investigation is the number of adolescent readers. However, because major magazines have a large number of readers in several age groups, this variable is correlated with several other explanatory variables that are based on readership numbers. When collinearity occurs, it is difficult for a multivariate regression to estimate the independent contribution of a regressor to the observed variation in the dependent variable. The consequence is that standard errors are inflated or the empirical results are sensitive to particular data points in the sample or the model specification (Kennedy 2003 ). I first demonstrate the degree of correlation among the readership variables and then introduce two alternative variables that are less correlated with the number of adolescent readers.
Zero-order correlations (rho) among the explanatory variables are shown in Table 1 for each beverage. Examining each beverage is necessary due to the possible restrictions placed on the estimation by the zero placements as well as the controversies that surround the advertising practices of different producers. Table 1 shows several high correlations (rho > 0.50) among the number of readers in each age group, especially between youth and young adults (rho > 0.75). This is not surprising because a popular magazine with a larger readership tends to have a large number of readers in all age groups. The simple correlation between youth and young adults is particularly high, and may illustrate a spillover dilemma faced by regulators; that is, what is read and enjoyed by young adults is also likely to read by youth (see the data appendix). Youth readership also tends to be correlated with readerships for men and lowerincome readers. However, the last two columns show lower correlations when two alternative readership variables are introduced; these are the median age of adult readers and median income of adult readers.
None of the correlations in the last two columns are statistically significant. In the regression analysis, I
show the effect of replacing the variables for young adult and older adult readers with the median age of adult readers (ages 20+). Because it is important to the policy results, the variable for number of youth is always included in the regressions. I also show the effects of replacing the number of lower-income readers with the variable for the median income of readers. 6 As an experiment, I replaced the number of youth readers with the percent of total readers who are youth. This change did not alter the youth results in the median age regressions for either beer or wine. The youth coefficients for spirits were negative and significant, which does not support targeting of youth. Table 2 The results in Table 2 fail to demonstrate that targeting of youth is occurring. For beer and wine, the youth coefficient is never statistically significant, while the significantly positive coefficient for spirits in regression (4) is not robust. Four of nine estimates for youth are negative. Coefficients for young adults are significantly positive for spirits and wine, while the coefficient for older adults is significantly negative for beer. The alternative demographic for adult readers -median age for adult readers -is significantly negative in five of six regressions, but the youth coefficients in these regressions are insignificant.
Poisson Regression Results. In
6 Median age and median reader income are significantly positive for wine.
Overall, the results indicate that beer and spirits advertisers favor magazines with more readers among younger adults, men, and blacks, but not adolescents. Wine advertisers favor magazines with more adults and higher-income readers, but not adolescents. With regard to collinearity, median age and income of readers provide a better fit for beer as indicated by the log-likelihood values. All of the regressions are statistically significant based on a Wald test, except regression (8) for wine. Table 2 . A well-know problem with the Poisson model is the presumed equality of the conditional mean and variance functions (equidispersion). This restriction may not hold due to unobserved heterogeneity or because the zero outcomes of the data-generating process are quantitatively different from the positive outcomes. The proportion of zeros in the placement data are 22% for beer; 11% for spirits; and 31% for wine. It also is conceivable that different models apply to different magazines and beverages, and this is reflected in different proportions of zeros in the sample.
Tests for Overdispersion in
For example, it is not clear if a zero placement arises because advertisers did not happen to use a particular magazine during the study period or because that magazine would never be chosen for a particular beverage (e.g., a zero count for wine ads in Popular Mechanics). Additional tests may be required using alternative econometric models. 7 The full complement of specifications in Table2 were estimated for both models, but the results parallel those in Table 2 and are not reported here. The zero-inflated negative binomial model was not concave for wine and these results are omitted for all beverages. Excluding the zero placement counts does not change my results.
Using the results in Table 2 , two tests for overdispersion were conducted. The regression-based test due to Cameron and Trivedi (1990) is based on the actual residuals, while the test suggested by Wooldridge (1996) is based on the standardized residuals. For beer advertising, overdispersion was rejected for all three of the regressions. For spirits, overdispersion was found for all three regressions using Wooldridge's test, but not using Cameron and Trivedi's test. The overdispersion results were sensitive to the treatment of the error terms, with robust standard errors tending to lead to a rejection of the null of overdispersion. For wine, overdispersion was found for regressions (7) and (9) using Cameron and Trivedi's test, but not using Wooldridge's test. In light of these mixed findings, it is desirable to examine the assumptions of the data-generating process by estimating the negative binomial model and the zero-inflated Poisson model. The negative binomial model relaxes the presumed equality of the mean and variance functions and allows for between-observation heterogeneity. The zero-inflated Poisson model relaxes the equidispersion assumption and allows the zero counts to be generated by a binary selection process (Winkelmann 2003) . Table 3 displays the estimates for negative binomial and zero-inflated Poisson regressions. Two alternative specifications are reported for spirits in light of the positive youth coefficient found in Table 2 . None of the youth coefficients in Table 3 are statistically significant, including those for distilled spirits. In other respects, the results are similar to Table 2.   7 Median reader age for adults is significantly negative for beer and spirits, while median age is significantly positive for wine in regression (4). Male readership is significantly positive for beer and spirits, while median income is significantly positive for wine. Black readership is significantly positive for all beverages in the negative binomial regressions, but not in the zero-inflated Poisson regressions.
Alternative Econometric Estimates.
The regressions fail to demonstrate targeting of youth by magazine advertisers.
The alpha overdispersion parameters in the negative binomial model are given in the last row of Table 3 , which suggest overdispersion in the Poisson model (Cameron and Trevidi 1998, p. 79) . The undeflated Poison model is nested within the negative binomial model (Winkelmann 2003, p. 104) . Tables 2 and 3 , a likelihood ratio (LR) test strongly rejects the Poisson model in favor of the negative binomial model. The LR test statistics are 496.4 (beer), 3800 (spirits), and 631.7 (wine). The critical value of the chi-square distribution with one degree of freedom is only 50.9 at the 99% confidence level. The Poisson model does not nest the zero-inflated Poisson model. Vuong's (1989) test for nonnested models can be applied, and the test statistic has a standard normal distribution 8 In Bolger (463 U.S. 60), the First Amendment issue was a Postal Service regulation that prohibited unsolicited mailings of advertisements for contraceptives. Speaking for the Court, Justice Marshall reaffirmed that "the government may not reduce the adult population . . . to reading only what is fit for children" (463 U.S. 60, at 73). He went on to discuss the marginal degree of protection provided by the advertising ban and the benefits denied to adults and adolescents alike from greater amounts of information. (Greene 2000, p. 891) . Applying this test yields statistics with positive values of 2.03 (beer), 0.46 (spirits), and 2.17 (wine). Values less than 2.0 do not favor one model over another, which is the case for spirits. The values for beer and wine are close to 2.0, suggesting that the preferred model is the negative binomial. In any event, the primary finding is that the null hypothesis of non-targeting of youth cannot be rejected in these data.
Using comparable results in

CONCLUSIONS
Based on the results in this study, beer and spirits producers tend to advertise in magazines with more young adult readers (ages 20-24), men, and blacks. Wine advertisers tend to target older readers (age 25+) and higher-income readers. Adolescent readers are not important statistically for any beverage.
This result holds for all beverages, including beer, which is generally regarded as the alcohol beverage that is preferred by youth. The study by Garfield, et al. (2003) wrongly concluded that beer and spirits producers were targeting adolescent readers through magazine placements. This conclusion does not withstand analysis that accounts for the collinearity that exists among the explanatory variables for numbers of readers, the lack of time variation in the covariates, and overdisperision of the residuals. All three econometric models failed to provide evidence that supports the criteria of the Central Hudson test.
The results in the present study do suggest a dilemma for policymakers: major magazines have large numbers of readers in several demographic groups, including youth.
8 However, the relationship between the number of readers and the percent of readers in each age group will vary by magazine. At the request of the U.S. Congress, two recent reports by the Federal Trade Commission (FTC 1999 (FTC , 2003 examined the ability of the alcohol industry to self-regulate its advertising practices. Through 2002, most of the industry followed a standard that at least 50% of an advertisement's audience should consist of adults aged 21 and over. This limit should be reflected in the empirical results above. However, as noted by the FTC (2003), this standard still allows alcohol ads to reach substantial numbers of youths. The main outcome of the FTC investigation was a suggestion that the industry should limit its ads to media with at least 70% adults in the audience, which would prohibit alcohol ads in many major magazines with large numbers of adult readers. Because the relationship between alcohol consumption and advertising is non-existent or weak at best, the dilemma posed by this partial ban is that costs of regulation are incurred without any obvious benefits in terms of reductions in underage alcohol consumption. 19 ) for a magazine; young adults is number of readers ages 20-24 years; adults is number of readers ages 25+ years; males is number of male readers; blacks is number of black readers; low income is number of readers with annual household income of less than $30,000; median age is average age of readers 20 years and older; and median income is average household income of adult readers in 1999 dollars. , 1997-2001 
